This study compared the severity of oral mucositis, pain and xerostomia during and at the completion of radiotherapy in head and neck cancer patients who had received antifungal and antiviral treatment. Patients: The study included 135 patients. Mean total radiotherapy dose was 62.4 Gray. Chemotherapy was administered to 47% of patients. Methods: Oral mucositis was scored weekly, while patients self-evaluated their pain and xerostomia. Cytology smears for the assessment of herpetic infection complicating the ulcers of mucositis were taken from 46 patients. Systemic antifungals and antivirals were administered during radiotherapy, upon clinical, presumptive diagnosis of candidiasis and herpetic infection. Antifungals and antivirals were continued to the end of radiotherapy. Results: Radiotherapy was completed within the preplanned time in 117 patients (87%). During radiotherapy, the prevalence of severe mucositis, pain and xerostomia was 57%, 43% and 29% respectively, and was significantly reduced to 33%, (P<0.001), to 24%, (P<0.001), and to 18%, (P<0.05) at the end of radiotherapy. Antifungals and antivirals were utilized in 70% and 71% of patients, respectively. Viral cytology was positive in 14 of 46 (30.4%) patients. Conclusions: The significant reduction of severe oral mucositis, pain and xerostomia at time of completion of radiotherapy, as compared to during the course of radiotherapy, after the treatment and prevention of candidiasis and herpes, denotes an important role of these infections in radiation-induced mucositis. Limitations of the study are the practical issues of the lack of the verification of the fungal status before and after treatment and of the verification of the viral status in only 47.9% (46 of 96) of the patients with a clinical suspicion of herpetic infection. A controlled study is needed to investigate and further clarify the role of antifungal and antiviral prophylaxis relative to oral mucositis, pain and xerostomia during head and neck RT.
INTRODUCTION
Oral mucositis can be the most debilitating and troublesome side effect in patients with head and neck cancer, who receive radiotherapy (RT), with or without chemotherapy. It is associated with considerable pain, which can significantly impair quality of life. The severity of oral mucositis increases over time, during the course of RT and patients report *Address correspondence to this author at the Bouboulinas 41, N. Psyhico, 154 51, Athens, Greece; Tel: +30 6944 60 15 29; Fax: +30 210 67 75 567; E-mail: nicolatou.galitis@lycos.com significant worsening of pain, xerostomia and other related oral symptoms at the end as compared to the start of RT [1] [2] [3] [4] [5] . Mucositis occurs among virtually all patients who are undergoing radiation or chemoradiation therapy for head and neck cancers. In several reports, 35% to over 60% of patients develop severe mucositis, which is not relieved by opioid analgesia. Radiation-induced oral mucositis has also a significant economic impact due to costs associated with pain management, liquid diet supplements, gastrostomy tube placement or total parenteral nutrition, management of secondary infections and hospitalizations [6, 7] . Furthermore, patients with severe mucositis are at higher risk of unplanned breaks/delays in radiation therapy, adversely affecting tumor control and treatment outcomes [8] [9] [10] .
Mucosal erythema (mucositis grade 1) is followed by foci of ulceration (mucositis grade 2) which becomes confluent over time (severe mucositis grade 3 and 4). A fibrinous exudate that is colonized by bacteria and covers the ulcer typically develops; this component of the lesion is referred to as a "pseudomembrane". Mucositis is not an infectious process per se, but fungal, viral, and/or bacterial infections may co-exist with the mucositis and further exacerbate pain. Appropriate diagnosis and treatment of oral infections are important [11] [12] [13] [14] [15] [16] . Although studies on bacterial infections complicating oral mucositis are inconclusive [17] [18] [19] [20] , candidiasis and herpes simplex virus-1 infection have been reported by several investigators to develop and be superimposed on radiation mucositis [21] [22] [23] [24] . Oral candidiasis and herpes simplex virus-1 infection, presenting as erythematous, pseudomembranous or ulcerative lesions, may be mistaken for oral mucositis and must be differentially diagnosed and treated with appropriate antifungal and antiviral medications [14] [15] [16] . The differential diagnosis of oral mucositis from infections is, however, difficult or at times impossible [14, 15, [21] [22] [23] .
Oral pseudomembranous candidiasis develops with an incidence of 27% to 52.5% in head and neck radiation patients and is often superimposed on radiation-induced ulcerative/pseudomembranous grade 2, 3, or 4 mucositis. Candidiasis may recur during the course of RT [21] [22] [23] [24] [25] [26] .
Oral candidiasis has been related to xerostomia [21, 24, 26] . Epstein et al. [21] and Nicolatou-Galitis et al. [26] reported that radiation-induced xerostomia correlates with risk for oropharyngeal candidiasis.
On the other hand, Nicolatou-Galitis et al. [24] reported that sudden onset or the worsening of xerostomia in head and neck cancer patients receiving RT was a presenting symptom for candidiasis.
Candidiasis develops in a Candidia carrier. The reported prevalence of Candida carriers during head and neck radiotherapy ranges between 57% to 70.6% [25, 27, 28] . In our patients at our institution candidiasis has been diagnosed with a prevalence between 34.5% to 50%, while Candida carriage has been confirmed in 62% to 70.6% of the patients [22] [23] [24] 26] .
Antifungal prophylaxis has been utilized by some clinicians due to the high incidence of candidiasis, risk of recurrences and difficulties in establishing a differential diagnosis. Administration of systemic antifungal prophylaxis, either from the initiation [22, 23, 29] or one week after the start of RT [30] , was shown to have a beneficial effect on the severity of oral mucositis and RT interruptions.
Herpes simplex virus-1 infection has also been shown to complicate oral mucositis in head and neck RT as well. In our Clinic, herpes virus was cultured from the ulcers of 5 of 14 patients [24] , while it was identified in 14 out of 29 available smears among 48 patients with ulcerative mucositis (29%) [23] . The majority of our patients with positive viral cytology responded to antiviral treatment: a reduction of the grade of oral ulcerative mucositis was subsequently noted.
Herpes simplex reactivation both before and after cancer therapy has been reported to be extremely frequent [31] . Patients, found HSV positive with direct immunofluorescence, seemed to have more severe oral mucositis than HSV negative patients, while a positive IgM result was more frequent in the mucositis group of patients.
Since 2005 systemic antifungals and antivirals have been administered to our head and neck cancer patients during RT when a candidal or herpetic infection is clinically diagnosed; this approach has been based on published clinical criteria [22] [23] [24] . The administration of antifungals and/or antivirals is continued to the end of radiotherapy to prevent recurrences. The above clinical policy has been based on (1) high prevalence of Candida carriage and candidiasis and the risk of recurrences [22, [24] [25] [26] [27] [28] , (2) incidence of HSV-1 reactivation and infection [23, 24, 31] , (3) the reported beneficial effect of systemic antifungal and antiviral medication [22-24, 29, 30] , and (4) difficulties in delineating differential diagnosis of infections from mucositis [14, 15, 21] .
The purpose of this study is to compare the severity of oral mucositis, pain and xerostomia during and at the completion of radiotherapy in head and neck cancer patients who had received antifungal and antiviral treatment.
Our hypothesis is that if candidiasis and/or herpetic infection exacerbate mucositis, pain and xerostomia then their treatment, followed by infection prevention throughout the course of RT should reduce the severity of oral mucositis, pain and xerostomia.
PATIENTS AND METHODS

Patients, Eligibility Criteria and Radiotherapy Characteristics
One hundred and thirty five out of 230 consecutive patients, with head and neck cancer, eligible to receive radiotherapy, who were referred to our Clinic for routine oral oncology supportive care, were followed weekly until the end of RT and were included in the study. The rest 95 patients did not comply with the requested weekly follow up and were not evaluated.
Patient demographics, tumor type and radiotherapy characteristics are shown in Table 1 .
General blood tests and liver and renal function were within normal limits. Karnofsky performance status ranged between 80 and 100%.
Patients were irradiated with a 6-MV linear accelerator.
Concomitant chemotherapy of cisplatinum, 75mg/m 2 every 21 days was administered to 55 patients. Nine patients received cisplatinum, as above and cetuximab, at an initial dose of 400mg/m 2 , followed by 250mg/m 2 every two weeks.
All patients were thoroughly informed about their disease and the treatment they would receive. All patients provided informed consent.
Oral Evaluation and Oral Supportive Oncology Care
The oral cavity was assessed in a dental office setting outside the context of a clinical trial, in consecutive patients, referred from the Cancer Centers to our Dental Oncology Clinic, for routine oral oncology supportive care. Patients were examined weekly or more often, upon their request. Standard oral mucosal and dental care was introduced to all patients. Coating and mucosal moisturizing agents and topical anesthetics were also introduced.
Oral mucositis was recorded according to EORTC/ RTOG criteria [32] , (Figs. 1 and 2), as follows: Grade 1 (diffuse erythema, patient can eat solid food), Grade 2 (erythema and small foci of ulcers, patient can take soft diet), Grade 3 (painful ulcers extending on more than half of the oral mucosa, patient can take liquids only), Grade 4 (painful ulcers covering almost all mucosal surfaces, alimentation is not possible).
A presumptive diagnosis of oral candidiasis and herpes simplex virus-1 infection was made upon clinical suspicion. Erythema located on the central dorsum of the tongue, or on the central area of the hard palate, or bilateral, symmetrical erythema of the buccal mucosa, and angular cheilitis and non painful easily removable whitish pseudomembranes were indicative of the different clinical forms of candidiasis (Figs.  3 and 4) . A systemic antifungal medication (itraconazole, fluconazole or posaconazole) was administered for 1 or two weeks, as introduced by the manufacturer and continued as prophylaxis to the end of RT. Nine patients received systemic antifungal prophylaxis from the initiation of RT, per request of his/her oncologist. Herpes labialis, ulcers coalescing on the dorsum of the tongue or on the hard palate, early initiation of ulcerative mucositis, or sudden development or worsening of mucositis were viewed as indicative of herpetic infection (Figs. 5, 6  and 7) . A systemic antiviral medication (acyclovir or valacyclovir), as indicated by the manufacturer, was administered and continued as prophylaxis to the end of RT. Cytology smears were taken from 46 patients and were stained using Papanicolaou stain to assess the herpetic infection. 
Oral Pain and Xerostomia
Oral pain and xerostomia were evaluated by the patients, using a 10cm visual analogue scale with scores of 0 to 10, where 0 was no pain or xerostomia respectively and 10 was highest pain or xerostomia. Scores between 1 to 4 were considered as mild, scores between 5 to 7 as moderate and 8 to 10 were considered as very much or severe, as the patients commented. Patients were asked to score their "average, within the day", pain and xerostomia. Data regarding pain medication use administered by the radiotherapists or medications with a side effect of xerostomia were not collected. No patient received pilocarpine.
Statistical Analysis
Standard statistical methods were used for data description. Statistical analysis relied on McNemar's chi square test or Pearson's chi square test depending on the nature of examined variables. Data were analyzed using the STATA® 10.0 statistical package. All statistical tests were two sided, and level of statistical significance was set at 5%.
RESULTS
Radiotherapy
Of all 135 patients, 54 were referred for oral care before the initiation of radiotherapy and 81 patients within the first week, after the initiation of radiotherapy.
Eighteen patients (13.3%) interrupted treatment; twelve (8.8%) due to severe mucositis and six patients (4.5%) due to fever and fatigue (1 patient), dermatitis (3 patients), and myelotoxicity (2 patients). Two patients (1.4%) received nasogastric tube and four patients (2.8%) were hospitalized.
Weight changes were available in 101 patients, as shown in Table 2 .
Symptom Burden during the Course of RT
Oral Mucositis, Pain and Xerostomia
Oral ulcerative mucositis grade 2, 3, and 4 was observed in 111 of all 135 patients (82%). Ulcerations were initiated at a mean of 14.6 RT fractions (sd: 5.2, range: 3-30). Mild to moderate mucositis grade 1 and 2 was evaluated in 58 patients, while severe mucositis grade 3 and 4 was scored in 77 patients, as shown in Table 2 .
Oral pain and xerostomia were available from 131 patients, also shown in Table 2 .
Severe xerostomia was significantly increased in patients who received antifungals as compared to the ones who did not receive antifungals (chi square test, P<0.05), while it was not significantly increased in association with use of antivirals.
Overall Symptom Burden
Forty-three patients developed only mild to moderate symptoms. Severe oral mucositis, severe pain and severe xerostomia were simultaneously recorded and /or reported in 22 patients. Different numbers of patients developed / reported one or two severe symptoms at the same time.
No significant differences in symptom burden were found between patients who received radiotherapy alone as opposed to patients who received radiotherapy with concomitant chemotherapy. 
Antifungals and Antivirals
Systemic antifungal and antiviral medication was administered to 95 patients (70.3%) and to 96 patients (71%) respectively. 
Symptom Burden at the End of RT
Oral Mucositis, Pain and Xerostomia
Overall ulcerative mucositis grade 2, 3 and 4 was evaluated in 105 patients (77.7%), thus, remaining as high as it was Table 2 .
Xerostomia was not significantly increased in patients who received antifungals or antivirals as compared to patients who did not receive antifungals or antivirals.
Overall Symptom Burden
Seventy-four patients completed RT with only mild to moderate symptoms, while 10 patients completed RT having simultaneously three severe symptoms.
These differences of symptom burden during and at the end of RT were statistically significant by Pearson chi square analysis P< 0.001.
Radiotherapy alone versus Chemoradiotherapy
No significant differences in symptom burden were found between patients who received radiotherapy alone as opposed to patients who received radiotherapy with concomitant chemotherapy.
Follow -Up
No significant differences in the follow -up data were observed in patients with or without RT interruptions, as shown in Table 3 .
DISCUSSION
One hundred and thirty-five head and neck cancer patients who received radiotherapy with or without chemotherapy were followed prospectively from the initiation to the end of RT, with respect to oral mucositis, pain, and xerostomia. Antifungal and antiviral treatment, throughout the course of radiotherapy, were administered to 70% and 71% of the patients, respectively.
Significant reduction of the severity of oral mucositis, pain, and xerostomia was observed at the end of RT, as compared to that assessed during the course of RT. Those results are in agreement with our hypothesis and delineate an important role of fungal and viral infection in the severity of oral mucositis, pain and xerostomia.
It is not clear in the present patient cohort, however, which or to what extent, antifungal and/or antiviral treatment affected the severity of radiation-and / or chemoradiotherapy-induced oral mucositis and its associated pain. The significant reduction of severe xerostomia in patients who received antifungals denotes that the development of candidiasis may increase the severity of radiation-induced xerostomia. Our group has reported a beneficial effect of administration of antifungal and antiviral medication on severity of oral mucositis and its associated pain [22] [23] [24] 33] . Other investigators have reported similar results as well [29, 30] . However, limitations in the study design were present, such as the non-randomized patient groups, or the use of historical controls, or the lack of (a) the description of the grading / scoring system of mucositis or (b) of the criteria for the differential diagnosis of mucositis from infections and the lack of laboratory verification of infections.
Xerostomia has been related to candidiasis in previous reports, too [21, 24, 26] . As it is well known, head and neck radiotherapy is a major cause of xerostomia. Within this context, Epstein et al. [21] and Nicolatou-Galitis et al. [26] have reported that radiation-induced xerostomia in head and neck cancer patients who received RT correlates with risk for oropharyngeal candidiasis. On the other hand, NicolatouGalitis et al. [24] reported that sudden onset or the worsening of xerostomia in head and neck cancer patients receiving RT was a presenting symptom for candidiasis.
In the present report the significant reduction of xerostomia at the end of RT, which was found significantly associated with the antifungal medication, denoted that severe xerostomia may be a presenting symptom of candidiasis. This finding was consistent with our prior report [24] . An appropriately designed study is needed to clarify the above important relationship of the severity of xerostomia to the development of candidiasis.
The high overall prevalence of ulcerative/pseudomembranous mucositis grade 2, 3 and 4 during and at the end of RT (82% and 77.7% respectively) agrees with the high prevalence of oral mucositis reported previously [3, 5, 6, [22] [23] [24] 26] . The above unchanged prevalence of mucositis during and at the end of RT further verifies, in the clinical setting, that mucositis is not an infectious process. Infection, bacterial, fungal, and viral, is a secondary phenomenon, which may exacerbate mucositis [11, 12] . The mechanisms with which infections may exacerbate mucositis have not yet been delineated.
In relation to bacterial infections bacterial colonization may occur once mucositis-associated ulceration develops. Bacteria and their metabolites are likely to intensify the inflammatory process of mucositis. A full delineation of their role in exacerbating the oral mucositis, however, remains unclear [17] [18] [19] [20] . Candidiasis, on the other hand, has been described in head and neck RT, often superimposed on mucositis, with an incidence of 27% to 50% [21] [22] [23] [24] [25] [26] , being developed in Candida carriers. During head and neck RT, 57% to 70.6% of the patients have been documented as Candida carriers [22, 23, 25, 27, 28] .
The antifungal treatment administered to 70.3% of the patients is comparable to the reported 57% to 70.6% prevalence of Candida carriage, both in the literature [25, 27, 28] and in our patient cohorts [22, 23] . Thus, there is concurrence between the presumed, clinical infection and the laboratory-verified Candida carriage.
Despite the well documented high prevalence of Candida carriage in head and neck cancer patients who receive RT and as reported in our previous studies [22, 23] lack of the assessment of the fungal status, before and after the antifungal medication, due to the daily clinical practice issues, remains a weakness of the present study.
Also and again due to daily clinical practice issues, cytology smear was taken from only 46 of all 96 patients (47.9%), who had developed ulcerations, with a clinical suspicion for herpes and who had received antivirals. Fourteen of the 46 smears (30.4%) were found positive for herpetic infection. The viral cytology laboratory verification of 46 of all 96 patients (47.9%), who developed ulcerations, clinically suspicious for herpes, did not permit exact determination of overall incidence of herpetic infection complicating the ulcerations of mucositis, representing another weakness of the present study. Collection of oral mucosal specimens from painful ulcerative oral mucositis can be difficult if the patient is already experiencing moderate-severe oral mucosal pain.
The 71% (96 of 135) of patients, who received antivirals, is higher than the 29% prevalence of herpetic infection verified previously in our Clinic [23] and the 30.4% of positive smears documented in the present study. This denotes an over-treatment and an over-diagnosis in terms of the clinical setting, of herpetic infection, obviously related to the difficulty/inability to clinically differentiate the ulcers of mucositis grade 2, 3, and 4 from the ulcers of herpetic infection in head and neck cancer radiotherapy.
The non-significant differences in symptoms between the patients who received RT alone as opposed to the patients who received concomitant chemotherapy has also been noted in our previous studies [23, 24] and in a recent prospective multicenter study [5] . These findings denote that chemotherapy, administered concurrently with RT, may not play a significant role in radiation-associated symptom burden. In contrast, in other studies, chemoradiotherapy has been shown to be related to an increased risk of mucositis [6, 8] . Factors such as systemic condition of the patients or the type of chemotherapy, the mode of data collection, prospectively or retrospectively, and other factors may play a role in the above controversy.
The insignificant differences in the survival and prognosis of the patients with and without RT interruptions in the present cohort can not be further evaluated, due to the study timeframe.
The advantage of this study is the prospective evaluation of mucosal toxicity in an ambulatory-based clinical dental practice using a specific scale for scoring oral mucositis.
In conclusion, the significant reduction of the prevalence of severe oral mucositis, pain and xerostomia, at the end of RT, after the treatment and prevention of fungal and viral infections, denotes an important role of candidiasis and herpes in the severity of these complications during head and neck radiotherapy, with or without chemotherapy. Limitations of the study are the practical issues of the lack of the verification of the fungal status, before and after treatment and of the verification of the viral status in only 47.9% of the patients, with a clinical suspicion for herpes.
The present study is important because it presents the data outside the context of a clinical trial, it agrees with previous studies and it further emphasizes the need to investigate and clarify the role of antifungal and antiviral prophylaxis in the severity of oral mucositis, pain and xerostomia in head and neck cancer patients who receive RT with or without chemotherapy.
